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j^Q nagnT-ipHion 

T^ffhnif^al Field 

This invention relates to proteins and chemically- 
iBodified proteins. More specifically, this invention 
15 relates to collagen modified by conjugation with syn- 
thetic hydrophilic polymers. 

ftfirKff^"""'^ °^ invention 

Collagen is the major protein component of bone, 

20 cartilage, skin, and connective tissue in animals. 

collagen in its native form is typically a rigid, rod- 
shaped molecule approximately 300 nm long and 1.5 nm in 
diameter. It is composed of three collagen polypeptides 
which form a tight triple helix. The collagen polypep- 

25 tides are characterized by a long midsection having the 
repeating sequence -Gly-X-Y-, where X and Y are often 
proline or hydroxyproline , bounded at each end by the 
"telopeptide" regions, which constitute less than about 
5% of the molecule. The telopeptide regions of the 

30 collagen chains are typically responsible for the cross- 
linking between chains, and for the immunogenicity of the 
protein. Collagen occurs in several "types", having dif- 
fering physical properties. The most abundant types are 
Types l-III. • ■ ■ 

35 Collagen is typically isolated from natural 

sources, such as bovine hide, cartilage, or bones. Bones 
are usually dried, defatted, crushed,, and demineralized 
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to. extract collagen, while hide and cartilage are usually 
minced and digested with proteolytic enzymes (other than 
collagenase) . As collagen is resistant to most proteo- 
lytic enzymes, this procedure conveniently serves to 
5 remove most of the contaminating protein found with 
collagen. 

Collagen may be denatured by boiling^ which pro- 
duces the familiar product gelatin. 

Daniels et al, U.S. Pat. No, 3,949^073, disclosed 

iO the preparation of soluble collagen by dissolving tissue 
in aqueous acid, followed by enzymatic digestion. The 
resulting atelopeptide collagen is soluble, and substan- 
tially less . immunogenic than unmodified collagen. It may 
be injected into suitable locations of a subject with a 

15 fibril-formation promoter (described as a polymerization 
promoter in the patent) to form f ibroiis collagen implants 
Iti situ , for augmenting hard or soft tissue. This 
material is now commercially available from Collagen 
Corporation (Palo Alto, CA) under the trademark Zyderm* 

20 collagen implant. 

Luck fet al, U^S. Pat. No. 4,488,911, disclosed a 
method for preparing . collagen in solution (CIS), wherein 
native collagen is extracted from animal tissue in dilute 
aqueous acid, followed by digestion with an enzyme such 
25 as pepsin, trypsin, or Pronase^. The enzyme digestion 
removes the telopeptide portions of the collagen mol- 
ecules, providing "atelopeptide" collagen in solution. 
The atelopeptide CIS so produced is substantially non- 
dramunogeniG;,..and is also substantially non-cross-linked 
ao due td loss of the primary crosslinking regions. The CIS 
may then be precipitated by dialysis in a moderate shear 
environment to -produce collagen fibers which -resemble 
native collagen fibers • The precipitated, reconstituted 
fibers may additionally be crosslinked using a chemical 
35 agent (for example aldehydes such as formaldehyde and 

glutaraldehyde) , or using heat or radiation. The result- 
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ing products are suitable for use in medical implants due 
to their biocompatability and reduced inmunogenicity . 

Wallace et al, U.S. Pat. No. 4,424,208, disclosed 
an improved collagen formulation suitable for use in soft 
5 tissue augmentation. Wallace's formulation comprises 
reconstituted fibrillar atelopeptide collagen (for 
example, Zyderm* collagen) in combination with particu- 
late, crosslinked atelopeptide collagen dispersed in an 
aqueoiis medium. The addition of particulate crosslinked 

10 collagen improves the implant's persistence, or ability 
to resist shrinkage following iaqplantation. 

Smeetad et al, U.S. Pat. Mo. 4,582,640, disclosed a 
glutaraldehyde crosslinked atelopeptide CIS preparation 
(GAX) suitable for use in medical implants. The collagen 

15 is crosslinked under conditions favoring intrafiber bond- 
ing rather than interfiber bonding, and provides a prod- 
uct with higher persistence than non-cross-linked atelo- 
peptide collagen, and is commercially available from 
collagen Corporation under the tradeiaark Zyplast* 

20 Implant. 

Nguyen et al, U.S. Pat. No. 4,642,117, disclosed a 
method for reducing the viscosity of atelopeptide CIS by 
mechanical shearing. Reconstituted collagen fibers are 
passed through a fine-mesh screen xintil viscosity is 

25 reduced to a practical level for injection. 

Nathan et al, U.S. Pat. No. 4,563,350, disclosed 
osteoinductive bone repair compositions comprising an 
osteoinductive factor, at least 5% nonreconstituted 
(afibrillar) collagen, and -the remainder reconstituted 

30 collagen and/or mineral powder (e.g., hydroxyapatite) . 
CIS nay be used for the nonreconstituted collagen, and 
Zyderm* collagen implant (ZCI) is preferred for the 
reconstituted collagen component. The material is 
implanted in bone defects or fractures to speed ingrowth 

35 of osteoclasts and promote new bone growth. 

. Chu, U.S. Pat. No. 4,557,764, disclosed a "second 
nucleation" collagen precipitate t^ich eachibits a desir- 
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ablfi malleability and putty-like consistency. Collagen 
is provided in solution (e.g., at 2-4 mg/mL) , and a 
"first nucleiation product" is precipitated by rapid 
titration and centrifugation. The remaining supernatant 
5 (containing the bulk of the original collagen > is then 
decanted and allowed to stand overnight. The precip- 
itated second nucleation product is collected by centri- 
fugation. 

Chu, U.S. Pat. No. 4,689,399, disclosed a collagen 
10. membrane preparation, which is prepared by compressing 
and drying a collagen gel. The resulting product has 
high tensile strengths 

J. A.M. Ramshaw et al, ^nmi Bioehem (1984) 141:361- 
65, and POT application W087/04078 disclosed the precip- 
15 itation of bovine collagen (types I, II, and III) from 
aqueous PEG solutions, ^ere there is no binding between 
collagen and PEG. , 

Werner, U.S. Pat. No, 4,357,274, disclosed a method 
for improving the durability of sclero protein (e.g., 
20 brain meninges) by soaking the degreased tissue in H^O^ 
or PEG for several hours prior to lyophilizing. The 
resulting modified whole tissue exhibits increased per- 
sistence. 

Hiroyoshi, U.S. Pat. Mo. 4,678.468, disclosed the 
25 preparation . of polysiloxane polymers having an inter- 
penetrating network of water-soluble polymer dispersed 
within. The water-soluble polymer may be a collagen 
derivative, and the polymer may additionally include 
heparin. .-The ..polymers .axe shaped into .artificial blood 
30 vessel grafts, and are designed to prevent clotting. 

Other patents disclose the use of collagen prepar- 
ations with bone fragments or minerals « For example, 
Miyata et al., U.S. Pat. Ho. 4,314,380 disclosed a bone 
implant pr^ared by baking animal bone segments, and 
3S soaking the baked segments in a solution of atelopeptlde 
collagen. Deibig et al, U.S. Pat. Ko. 4,192,021 dis- 
closed an implant material irtxich comprises powdered 
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calcium phosphate in a pasty formulation with a bio- 
degradable polymer (which may be collagen) . There are 
several references in the art to proteins modified by 
covalent conjugation to polymers, to alter the solubil- 
5 ity, antigenicity and biological clearance of the pro- 
tein. For example, U.S. Pat. No. 4,261,973 disclosed the 
conjugation of several allergans to PEG or PPG (poly- 
propylene glycol) to reduce the proteins' immunogenicity . 
U.S. Pat. NO. 4,301,144 disclosed the conjugation of 
10 hemoglobin with PEG and other polymers to increase the 
protein's oxygen carrying capability. EPO 98,110 dis- 
closed coupling an enzyme or interferon to a polyoxy- 
ethylene-polyoxypropylene (POE-POP) block polymer 
increases the protein's halflife in serum. U.S. Pat. No. 
15 4,179,337 disclosed conjugating hydrophilic enzymes and 
insulin to PEG or PPG to reduce immunogenicity . Davis et 
al, i^aneet (1981) 2:281-83 disclosed the enzyme uricase 
modified by conjugation with PEG to provide uric acid 
metabolism in serum having a long halflife and low 
20 immunogenicity. Nishida ct al, iT Ptlflim PhBrnaCPl (1984) 
afi: 354-55 disclosed PEG-uricase conjugates administered 
orally to chickens, demonstrating decreased serum levels 
of uric acid. Inada et al, BSnehea & Blonhvs Fes CPmm 
(1984) 122:845-50 disclosed lipoprotein lipase conjuga- 
25 tion with PEG to render it soluble in organic solvents. 
Takahashi et al, Wiochem & Pjgr^^ys Res Comm (1984) 
121 :261-65 disclosed HRP conjugated with PEG to render 
the enzyme soluble in benzene. Abuchowski et al, CsnCgr 
Biffg ^em BioDhvs. .(1984 ) 2:175.-86 disclosed that enzymes 
30 such as asparaginase, catalase, uricase, arginase, tryp- 
sin, superoxide disnutase, adenosine deaminase, phenyl- 
alanine anmonia-lyase, and the like, conjuga*ed with PEG 
exhibit longer half-lives in serum and decreased immuno- 
genicity. However, these references are essentially con- 
35 cemed with modifying the solubility and biological char- 
acteristics of proteins administered in low concentra- 
tions in aqueous solution. 
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M. Chvapil et al, J mw<^ Nf^t^r (1^69) 1:315- 
32 disclosed a composition prepared from collagen sponge 
and a crosslinked ethylene glycol nonomethaerylate- 
ethylene glycol dinethacrylate hydrogel. The collagen 
sponge was prepared by lyophilizing an aqueous mixture of 
bovine hide collagen and methylglyoxal (a tanning agent). 
The sponfe-hydrogel composition Was prepared by polymer- 
izing ethylene glycol monomethacrylate and ethylene gly- 
col dimethacrylate in the sponge. 



10 



jy lprlnsure f>-P t^he Invention 

we have discovered that formulations containing 
reconstitttted fibrillar atelopeptide collagen in com- 
binaUon with particulate, mineral components (useful, 
15 e,g., for treating, bone defects and fractures) exhibit 
physical instability with time, and tend to separate into 
several phases or layers. Further, the handling char- 
acteristics of such compositions are not ideal, and the 
malleability and elasticity of such formulations could be 

20 improved. 

He have now invented a new collagen-polymer con- 
jugate which exhibits superior handling and chemical 
stability characteristics. The collagen, preferably 
reconstituted atelopeptide collagen, is chemically bonded 

25 to a synthetic hydrophilic polymer, preferably poly- 
ethylene glycol, to form a new collagen-polymer . con- 
jugate. 

The polymer may be monoftmctional or polyf unc- 
tional, -having, one ehd capable -.of attachment, or two or 

30 more ends capable of attachment. When the polymer is 
polyfunctional, it may be Joined to collagen by one or 
more -ends, i.e., the -polymer may crosslink collagen mol- 
ecules. The collagen-polymer conjugates may be used to 
replace or reinforce soft tissue, and may be Used in 

35 . combination with a suitable particulate material to treat 
bone defects. These materials are also useful for coat- 
ing implants (such as catheters and bone implants) to 
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^oiiaaen-polymer conjugates, cast into 

collagen poxy ^.--ir damaged skin (e.g.. 

-tr.tr.-Lr:^-^^^^^^^ .... - 

, .ay be injected f=r cro==liricxng »^ 

o;a.y, .T »d no., reconstruction and t^ 
liXel Polyfunetion.1 poly.«« «y ^l^" *° 

, J cL.,«. »i.c^.s « 

,lycos«anoglyc««, "^^„ ^ co«<»l- 

„d the like), I«rtic»l«ly gro-tl. 
tion, p«ticui«iy «r «u„d ^"^"»; ~ 

o«.»i. and i«Bm. Mdulation. such trthering of growtn 
:„ Tct^'tTcoUagen «.l.cuX.. prc^-" " . 
release drug delivery system. 

---^t^f^:^ti1^n.c.»«y .c ^trud. 

««r,«8itions- Zydera* collagen implant (ZCI), a 
25 three compositions, ^yaet 

glutaraldehyde-crosslinked collagen (GAX) , and a 

conducteTIn r^:.. 
30 biologically W-Bl 1" " ="..l»*«> '==-^^"- 

dPEG composition. 

3, " ''tft^»coliag». a. u»d b«.in r..«. « -U 
form. Of collage, including tbo« «hieb b.« b..n 
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o 

been reoonsUtuted into tibrUXar for-. Type I = ' 
tr^et suited to .auction. ^^7"' " 

tlJtilMe repair. IIo«««, oth«r £«». <>I """"f "* 

Tt.. o, t^ rir 

«,cl»d.d fro. c««id.ration here. ""^'^^ „^ 
MiM hMt, radiation, or chemieal a««>t« sucB as g 

-'"'.rrr.irior^^-- 

herein to form particularly rigid coBposrtions . co g 

r.rii«K.d -"^rsttrir:r"Jr ' 
Lcrr.^ X r..r:Xor radiation i. 

-^nthetic hyarophlltc polymer" as used 

r«:i« ri,.t and <»-osition wnioh r^ PO^ 
«r —ntlauy water-soinble. Most """""^"J!'^ 
aebi-v. this property by incorporatin, . 't!^^. 
, ber Of oxjrg«. (or 1... fr«,u«itly nitrogan, »"« 
^le for forming hydro,». bond, in «r»ou. 
HydropWUe poly««» »~4 herein »iU g«.er.lly w ^lY 
J^i«», P.iy.t.yi«« gxycox. poiv^-'hy^^ 

, L^tive. thereof. poly«r. are prefer^l««r 
or only sUgntly branohed (i.a., having " 
TignifL^-t free «.ds), and «iU not b. 
^!^UnK.d. other suitable poly-«rs Ihol"** P=lf«y- 
Tt: tene^poiyoxyprcpyiene biocK poiy^r. ^^^^ „ 
,0 Polyoxy.thyi».-p.ly<«yPr«Pyl«» bloelc PO^^^"^ 
.tbyx«» dia^ nnele» (and thus having four ^^are 
also «aUa». ««J -ay be in the practioe of ^ 

t,^o„. Haturally occurring polyme« '^"^ 
teins, rt«»h. cuulose, heparin and the 11« «• 
„: r^sly «ol«ded from the scope of this d.ti^ti». 
' Sr^«bl. poX,»rs .iXi be non^c "-f^. 
„tory When .d«lni«««. «bc«t».««.ly, »d «U1 pr.* 
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erably be essentially nondegradable injdSft over a perxod 
of a/least several months. The hydrophilic polymer may 
increase the hydrophilicity of the -Uagen but does not 
render it water soluble. Presently preferred hydro- 

3 ^"lic polymers are mono- and difunctional P^^y^^Vlene 
glycols (PEG). Monofunctional PEG has only one reactive 
hydroxy group, while difunctional PEG preferably has 
:efc:fve':roups at each end. Monofunctional PEG prefer- 
ably has an average molecular weight between •^"^ 

0 and about 15,000, more preferably between about 1 900 and 
about 8,000, and most preferably about 5,000. D^*^^" 
Tll ^EG ;r.f.rably has a molecular weight of about 400 
to about 20,000, more preferably about 3,000 a^o^^^ 
10,000. PK can be rendered monofunctional by ^o"""' 

,5 alicylene ether at one end. -^^'^^y'^Zs^l^ 
suitable alkoxy radical having 1-6 carbon atoms, for 
example, methoxy, ethoxy, propoxy, 2-propoxy, ^^J^' 
hexyU. and the liKe. Hethoxy is P^-^^^^f J"^* 
Difunctional PEG is provided by allowxng a 
20 hydroxy group at each end of the lin««: molecule The 
reactive groups are preferably at the ends of the poly 
aer, but may be provided along the length 
functional molecules are capable of — ^^"^f ^^^^'^"^ 
positions of the invention, and may be used to attach 
25 biological growth factors to collagen. 

The term -chemically conjugated- as used herexn 
.eans attached through a covalent chemical J" 
practice of the invention, a synthetic hydrophxlxc poly 
„er and collagen may.l,e chemically .conjugated by using a 
30 lirfcing radical, so that the polymer and collagen are 
each bound to the radical, but not directly to each 
other. The term -collagen-polymer" refers to collagen 
chemically conjugated to a synthetic hydrophilic poly- 
mer, within the meaning of this invention. Thus, 
35 «collagen.PEGt. (or -PEG-collagen) denotes a composition 
of the invention Wherein collagen is chemically con- 
jugated to PEG, -Collagen-dPEG- refers to collagen 
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15 



Chemically conjugated to difunctional PEG, wherein the 
collagen molecules are typically crosslinked. "Cross- 
linked collagen-, refers to collagen in which collagen 
molecules are liifted by covalent bonds with polyfunc- 
tional (including difunctional) polymers. Terms such as 
«GMt-dPEG» and "HRX-dPEG- indicate collagen crosslxnked 
by both a difunctional hydrophilic polymer and a cross- 
• linking agent such as glutaraldehyde or heat. 

Those of ordinary skill in the art wiU appreciate 
that synthetic polymers such as polyethyleneglycol cannot 
practically be prepared having exact molecular weights, 
and that - the teria "malecular weight- as used herein 
refers to the average molecular weight of a number of 
molecules in any given sample, as commonly used m the 
art Thus, a sample of PEG 2,000 might contain polymer 
molecules ranging in weight from, for example, 1,200 to 
2,500 daltons. Specification of a range of molecular 
weight indicates that the average molecular weight may be 
any value between the limits specified, and may include 
Boiecules outside tho.» liaits. Thus, a molecular weight 
range of kbout 800 to about 20,000 indicates an asisOSSS. 
molecular weight of at least about 800, ranging up to 

about 20 kDa. • . . 
The term -available lysine residue" as used herein 
25 refers to lysine side chains exposed on the outer surface 
of collagen molecules, which are positioned in a manner 
allowing reaction with activated PEG. The number of 
available lysine residues may be determined by reaction 
mth sodium 2 ,A,,6-trinitrobenzenesulfQn»te (THBS) . 
30 The terms "treat- and "treatment- as used herein 

refer to augmentation, repair, prevention, or alleviation 
of defects, particularly defects due to loss or absence 
of soft tissue or soft tissue support, or to loss or 
- absence of bone. Additionally, "treat" and "treatment" 
35 alsa refer to tixe prevention, maintenance, or allevia- 
tion of disorders or disease using a biologically active 
protein coupled to the collagen-polymer composition of 



20 
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«„ f.t I. lost du. to agin,. ^ 

=.rtila,e inoludes the ..e '^^^^ ^ ^i«tion 

juntas, and particularly ""•'•"""^^ „p,„e or rapair 

. ^ ...1,1 «. mrticulata materials, to repi»i- 
„ith suitable partioul ^o«,t of bone non- 

bone tissue, for ««»Pla » *»» us. 
^ion. or frsetur... •rr.at«nt of b^e a^ ^ 

Of »rtlla,lnoid colla,«.-dP^ nTors "olplsition. 
^thout ^.ditlonal bon. ^ ''^j;^^ Z^ol^. Pr-f- 

co^isln, ~"*'":^''X!,"^c""^ phosphate, are 
erably hydroxyapatite and/or "^"'^"'"^ bone 
particularly useful for ^^r^ ^^Z^ of tb. 
due to its niflb t««ile str«i9tli. .^^^ 
invention »y additionally i-^^-^J^o'^f 
, factors to aid in heaim? or r.gro«th of normal 

der«l gro-tb factor (EOF). ^. 
r^n alpha, TGF-B (including any combination of to 
^P^Sl', xaF-B. Platelet -f-^. 

, ,PD.r-«, PDOF-AB. PD«F-»). acidic ^^•^^^^„, 

factor (FGF), basic FGF. oonn«*ive " 

(CTiP), »-thn«boglobulin, insulin-lilce growo. 

^ :::^';«cro.i. fotor. (THF). 

colony stimul^ing factors (CSF^. -^^^^^-'o^genlc 
,0 nerve gro«B faotor ,»F,, i"*"'""^^^^; 

fector.. and the lil». Incorporation of ^ [ 
^ .ppropriate co.bin.tion. f '•=^';.nn^i^ 

^ ^.gro-tb and re.odeUn, of ^. 

bone tissue, or My be used in tbe tr«i 
„ F^rtber, on. My ob«^c.lly Itn* tb. 

I!^aei>-poly«er coi^ltion by .iploying a ratable 

:::^rof ^fyf ^cti^al poxy-r «X.c.X» durii^ .yn- 
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*.>,on ha attached to the free 

factor xs suds characteristics may be 

. coBpositions having ^ponge-lUce ^ar 

prepared as wound ^^^^^ ^ ^^^^^'^^^^^ con- 
growth factors or the like, they serve as 
^^«iied-release drug delivery natrxces. 

troliea reieoa ^ -,B*e^g to the amount of 

The term "effective amount" refers to im 
Tbe -cerm obtain the effect 

amount of factor needed in order to s -ontert, 
, ^wth to a d^tectahle degree. -'^^^'^^;%^:ZT 
Lcludes connective tissue, bone, cartilage. *pi 
aiui dermis, blood, and other tissues. 

The term "sufficient amount" as used herein is 

^ «^ e-rrier used in combination with 
atwiied to the amount of carrier 

0 Te ruagen-polv^er <-^^^^^ l1 
f icient amount is that amount ^ch when "^^^^^^ 
conjugate renders it in the physical form 
m.le, injectable solution, injectable -sp^""' 
or malleable implant, rigid stress-bearing 

25 implant, and so forth. Material" as used 

The term "suitable particulate material as 

>,«ein refers to a particulate material which is sub- 
hcrem refers to a f biocompatible, 
stantially insoluble in water, which is bio p 
and. which is . immiscible with collagen-polymer . 

30 particles of material may be fibrillar, or ^-J^ - 
size from about 1 to 20 ^ in diameter and be bead-like 
:t^^I^::ular m shape. Exemplary, particulate materials 
toclude without limitation fibrillar 
collagen, gelatin beads, crosslinked collagen-dPK j^- 
tlcl!^ lolytatrafluoroethylene beads, silicone rubber 

' h^'hSl beads, silicon carbide beads, and gla.. 
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^ d«i^.* for in..rtic. .nd us. within »^ ^V. 
"I include bon. «.d carta.,. " ' J^L 

fieUl joints, retaining pins, cranial "1""' 
iL of plastic and/or othar -t.ri.ls), te.»t 

^iS;.l ailicone ,.1 --'^"^rn^ rr. 

th. lUc), cath.t.rs a»i cannulas '*^'"^i.i%^„s 
(baycnd about thra. days) «. in plac artificial 0 9 
loayon I^lcial Marts, pancreases, Kid- 

„d v«sels (..g., •^^'^•^^ delivery devices 
„,ys, wood J, controlled 

(including monoUtmc ii^lants, ^ -teroid pellets 
r.l..s. d«ic» ««* as Mzaf «nxpuBps, ^ 

^.bolie arowth or contraception, and tJie liXe) , sut 

^ L^drmS or internal use, ^^^^^^^^Z"' 

„phth.l.ic Shields, corneal lanticules, • 
The t.nn "in siiai" as used herein «e«s at the 

Plsce Tf a^nisSation. the injectabl. reaction 

co^itions -Yr^---^-rdi: rssunT 
- "attr::«Tf ^^trctirn: »l 

sphincter au,«ntation (a.,., tor restoration of con 



25 

tinence) . 



^'^J^ ter. Of cpllagen includes 

li,^id solutions, suspension, dispersions, colloids, 

30 the lUt. cont.ining collagen md wter. 

TM t«» "HFC cartilage- as used herein refers to a 

co^itlon Of the invention which r.s«^les cartil^. » 
^ical consistency. »FC cartilage is pr.p.«d fr«. 
fibrillar collagen ,..g., colla^ In -^^^^^-^ij;; 
„ crosslinked with .a hydrophUUc *ol,»r. "^^^^"^ 
dPK. AS an artit~=t Of th. production proc«« « by 

design, »PC cartilage «y contain al»ut 0-20% fibrillar 
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collagen. NFC cartilage is generally prepared by adding 
dPEG in acidic solution to an acidic solution of 
collagen, and allowing conjugation to occur prior to 
neutraUzation. The term "HFC-FC cartilage" refers to a 
5 conposition siailar to NFC cartUage, wherein the per- 
centage of fibrillar collagen is about 20-80%. NFC-FC 
cartilage is generally prepared by adding dPEG in a 
neutralizing buffer to an acidic solution of collagen. 
The neutralizing buffer causes collagen fibril formation 

.10 during the conjugation process. Similarly, "FC carti- 
lage" refers to a composition of the invention which is 
prepared from fibrillar- collagen and a difunctional 
hydrophillic polymer. FC cartilage may generally be pre- 
pared using dPEG and fibrillar collagen in neutral solu- 

15 -tions/suspensions. 

B. 'rgnffr""' Wethod 

B.i Prwaratign: 

In most general terms, a suitable collagen is chem- 
20 ically bonded to a selected synthetib hydrophilic poly- 
mer, suitable collagens include all types, preferably 
types I, II. and III. Collagens may be soluble (for 
example, commercially available Vitrogen* 100 collagen- 
in-soltttion) , and may have or omit the telopeptide 

25 regions. Preferably, the collagen will be reconstituted 
fibrillar atelopeptide collagen, for example Zyderm* 
collagen implant (ZCI) or atelopeptide collagen in solu- 
tion (CIS). Various forms of collagen are available com- 
merciJilly, or .may. be prepared' by. the processes described 

30 in, for example, U.S. Pat. Hos. 3,949,073 ; 4,486,911? 
4, 424, 208 r 4; 582^640; 4,642,117; 4,557,764; and 
4*^689,399, -all. incorporated herein by reference. 

The compositions of the invention comprise collagen 
chemically conjugated to a selected synthetic hydrophilic 

35 polymer or pollers. • collagen contains a number of 

available amino and hydroxy groups which may be used to 
bind the synthetic hydrophilic polymer. The polymer may 
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be bound using a -linking group", as the natxve hydroxy 
or amino groups in collagen and in the polymer frequently 
require activation before they can be linked. For 
example, one may employ compounds such as dicarboxylic 
5 anhydrides (e.g., glutaric or succinic anhydride) ^ form 
a polymer derivative (e.g., succinate), which may then be 
activated by ester if icat ion with a convenient 
group, for example, N-hydroxysuccinimide , N,N'-dxsuccxn- 
• imidyl oxalate, N,N'-disuccinimidyl carbonate, and the 
.0 uJ SeealsoDavis,U.S. pat. NO. 4,179,337 for addX- 
tional linking groups. Presently preferred dicarboxylxc 
anhydrides that are used to form polymer-glutarate com- 
positions include glutaric anhydride, adipic anhydride. 
l,8-naphthal«ne dicarboxylic anhydride, and 1,4,5,8- 
15 naphthalenetetracarboxylic dianhydride. The polymer thus 
activated is then allowed to react with the collagen, 
forming a collagen-polymer composition of the invention. 

in a preferred embodiment, monomethylpolyethylene 
glycol (mPEG) (mw 5,000) is reacted with glutaric 
20 anhydride to form mPEG glutarate. The glutarate deriva- 
tive is then reacted with H-hydroxysuccinimide to form a 
succinimidyl monomethylpolyethylene glycol glutarate. 
The succinimidyl ester (mPEG*. denoting the activated PEG 
intermediate) is then capable of reacting with free amino 
25 groups present on collagen (lysine residues) to form a 
collagen-PEG conjugate of the invention wherein one end 
of the PEG molecule is free or nonbound. Other polymers 
nay be substituted for the monomethyl PEG. as described 
• above.. Similarly, .-the coupling . reaction may be. carried 
30 out using any known method for derivatizing proteins and 
synthetic polymers. The number of available lysines con- 
jugated may wwy from' a -single residue to iOO% of the 
lysines, preferably l0%-50%, and more preferably 20-30%. 
The number of reactive lysine residues may be determined 
35 by standard methods.- for example by reaction with TUBS. 

The resulting product is a smooth, pliable, rubbery 
mass having a shiny appearance. It may be wetted, but is 
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not water-soluble. It loay be formulated as a suspension 
at any convenient concentration, preferably about 30-65 
ng/nL, and may be implanted by injection through a suit- 
able syringe. The consistency, of the formulation may be 
5 adjusted by varying the amount of liquid used. 

Formulations suitable for repair of bone defects or 
nonunions may be prepared by providing high concentration 
compositions of collagen-polymer, or by admixture with 
suitable particulate materials. Such collagen-polymer 
10 particulate compositions may be malleable or rigid, 
depending on the amount of liquid incorporated. For- 
mulations for treatment of stress-bearing bone is pref- 
erably dried and rigid, and will generally comprise 
between about 45% and 85% particulate mineral, for 
15 example hydroxyapatite or tricalcium phosphate. The 

tensile strength and rigidity may be further increased by 
heating the composition under vacuum at about 60-90 "C, 
preferably about 75* C, for about 5 to 15 hours, pref- 
erably about 10 hours. Malleable compositions may be 
20 used for repair of non-stressed bone. 

The activated mPEG* may be replaced, in whole or in 
part, by difunctional activated PEG (dPEG*, e.g., non- 
methylated PEG which is then activated at each end) , thus 
providing a crosslinked or partially crosslinked collagen 
25 composition. Such compositions are, however, quite dis- 
tinct from conventionally-crosslinked collagen composi- 
tions (e.g., using heat, radiation^ glutaraldehyde , 
glycosaminoglycans and the like) , as the long-chain 
synthetic. hydrophilic polymer imparts a substantial 
30 hydrophilic character to the composition. In a presently 
preferred embodiment, apprmcimately 1-20* of the mPBG is 
difunctional PBS. The character of the conqposition may 
be adjusted as desired, .by varying tHe amount of difunc- 
-tional PBS included during the process. 
35 In another presently preferred embodiment, difunc- 

tional PEG* (substantially 100% at pH 7) is used to 
crosslink collagen. In one version, CIS (about 3-100 
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ing/mL, preferably about 10-40 ng/aiL) is allowed to reagt 
with dPEG* (difunctional PEG activated at each end by 
addition of an acid anhydride having a leaving group such 
as succininide) having a molecular weight of about 2,000 

5 to about 20,000 (preferably about 3,400-10,000) which is 
added as a concentrated solution to a final reaction mix- 
ture concentration of about 5-40%, preferably about 10- 
20%. This represents a 5- to 10-fold excess of dPEG* to 
collagen on a molar basis. The collagen molecules bind 
10 to dPEG*, without mechanical mixing or agitation, and 
settle out of solution to produce a cartilaginoid 
collagen-polymer conjugate containing approximately 20- 
80% fibrillar collagen. The conjugate is then washed 
with PBS to remove any remaining unreacted dPEG*, pro- 

15 viding the material of the invention. A cartilaginoid 
collagen-polymer conjugate may also be prepared by mixing 
dPEG* solution (pH 3) with collagen-in-solution between 
two syringes to homogeneity, and then casting into a 
suitable container (e.g., a Petri dish). A 20% w/v dPEG* 

20 solution (pH 7) is then added to the non-f ibrillar 

collagen-PEG solution to result in a lightly cartilagi- 
noid fibrillar collagen-polymer conjugate. The resulting 
NPC-PC conjugate cartilage contains approximately 1-40% 
fibrillar collagen. The characteristics of the final 

25 product may be adjusted by varying the initial reaction 
conditions. In general, increased collagen and/or poly- 
mer concentrations provide a denser, less porous product. 
By varying the pH of the collagen solution and the dPEG* 
solution, compositions may be producting over a:. wide 

30 range of fibrillar content. If desired, the denser 
f onmilations may be cast or molded into any shape 
desired, for example into sheets or membranes, into tubes 
or cylinders, into cords or ropes, and the like. 

A particulate microgel material may be aichieved by 

35 agitating a reaction mixture of collagen and dPBG* during 
crosslinking (e.g., by stirring or passing between 
syringes). Such materials are smooth, pliable, rubbery 
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masses, with a shiny appearance, however, they have 
Higher tensile strength than collagen-aPEG conjugates or 
glutaraldehyde eaieadcally crosslinlced collagen that is 
not conjugated to a polymer. The injectable formulations 
5 (gels or solutions) may be used to dip coat implants, 
' catheters, tubes (e.g., for vein replacement), meshes 
(e.g., for tissue reinforcement) and the like. Gels may 
be prepared by reducing the polymer concentration or 
reducing the reaction time. CIS is the preferred 
10 starting material where the desired properties are high 
density, rigidity, viscosity, and translucence. However, 
xme may. substitute fibrillar collagen (preferably atelo- 
peptide fibrillar collagen such as ZCI) and obtain prod- 
ucts which are more opaque, more flexible, and more 
15 susceptible to colonization by cells after implantation. 
CIS-based materials are presently preferred for coating 
articles to be implanted, such as catheters and stress- 
bearing bone implants. Fibrillar collagen-based materi- 
als are preferred for applications such as dermal aug- 
mentation, sphinctel^ augmentation, resurfacing of eroded 
joint surfaces (as in rheumatoid arthritis) , replacement 
of tendons and ligaments, and preparation of artificial 
vessels (e.g., veins). 

Compositions of the invention containing biological 
25 growth factors such as EGF and TGF-B are prepared by 
mixing an appropriate amount of the factor into the 
composition, or by incorporating the factor into the 
collagen prior to treatment with activated PEG. By 
es^loying an . appropriate amount of . dif unctional PEG, a 
30 degree of crosslinJcing may be established, along with 
molecules consisting of collagen linked to a factor by a 
synthetic hydro^iic polymer. Preferably, the factor is 
first reacted with a molar excess of dPEG* in a dilute 
. solution over a 3 to 4 hour period. The factor is 
35 preferably provided at a concentration of about 1 ng/viL 
to about 5 mg/mL, while the dPEG* is pref erably added to 
a final concentration providing a 30 to 50-fold molar 
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excess. The resulting conjugated, factor is then added to 
nn aqueous collagen mixture (about 1 to about 60 mg/nL) 
at pH 7-8 and allowed to react further. The resulting 
composition is allowed to stand overnight at ambient tem- 
perature. The pellet is collected by centrifugation, and 
is washed with PBS by vigorous vortexing in order to 
remove non-bound factor. 

Flexible sheets or membranous forms of the 
collagen-polymer, conjugate may be prepared by methods 
known in the art, for example, U.S. Patent Nos. 
4,600,533; 4,412,947; and 4,242,291. Briefly, high 
concentration (10-100 mg/mL) CIS or fibrillar collagen 
(preferably atelopeptide fibrillar collagen, such as zci) 
is cast into a flat sheet container. A solution of mPEG* 
(having a molecular weight of approximately 5,000) is 
added to the cast collagen solution, and allowed to react 
overnight at room temperature. The resulting collagen- 
polymer conjugate is removed from the reaction solution 
using a sterile spatula or the like, and washed with PBS 
to remove excess unreacted mPBG*. 

The resulting conjugate may then be compressed 
under constant pressure to form a uniform, flat sheet or 
mat, which is then dried to form a membranous implant of 
the invention. More flexible membranous forms are 
25 achieved by using lower collagen concentrations and high 
polymer concentrations as starting materials. 

Less flexible membranous forms are prepared by 
using a dPEG* solution rather than mPEG*. CIS, at room 
temperature,, is. mixed with a buffer solution .and 
incubated at 37*C overnight. The resulting gel is com- 
pressed under constant pressure, dried, and desalted by 
washing. The yesultant membrane is then crosslinJced by 
treating with dPBG*, washed, and then dried at low tem- 
perature. 

35 collagen-polymer conjugates may also be prepared in 

the form of sponges, by lyophilizing an aqueous slurry of 
the composition after conjugation. 
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Alternatively, CIS or fibrillar collagen (10-100 
log/n^L) is cast into a flat sheet container. A solution 
of dPEG* (22-50% w/v) is added to the cast collagen. The 
mixture is allowed to react over several hours at room 
5 temperature. Shorter reaction times result in more 
flexible membranes* The resulting collagen-polymer 
membrane may be optionally dehydrated under a vacuum 

• oven, lyophilization^ or air-drying. 

B.2 use and Administration; 

10 compositions of the invention have a variety of 

uses. Halleable, pljastic compositions laay be prepared as 
injectable formulations, Eund are suitable for dermal 
augmentation, for eMB5>le for filling in dermal creases, 
and providing support for skin surfaces. Such 

15 compositions are also useful for augmenting sphincter 
tissue, (e.g., for restoration of continence). In such 
cases, the formulation may be injected directly into the 
sphincter tissue to increase bulk and permit the occlud- 
ing tissues to meet more easily and efficiently. These 

.20 compositions may be homogeneoxis, or may be prepsured as 
suspensions of small microgel collagen-polymer conjugate 
particles or beads* 

Surprisingly, one may administer the reaction 
mixture by injection before crosslinking has completed. 
25 In this embodiment, an aqueous collagen mixture is com- 
bined with a low-concentration dPEG* solution, mixed, and 
the combination injected or applied before the viscosity 
increases sufficiently to render injection difficult 

* (usually about 20 minutes) .- .Mixing may be accomplished 
30 by passing the mixture between two syringes equipped with 

Luer lock hubs, or through a single syringe having dual 
compartments Ce-9« f double barrel.). -The composition 
crosslinks in. Sitaif and may additionally crosslink to the 
endogenous tissue, anchoring the implant in place. In 
as this method, one can use collagen (preferably fibrillar 
collagen) at a concentration of about 10-100 mg/mL, 
although abut 30-80 mg/mL is preferred, most preferably 
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^ 33 The dPKG. eo«o«tr.1:lon is pt.t.rably 

« L^.l to 3t, although c.n=en«« ons » 

^ah M 30% My b. if ■tesi"'!- The mxture is 

!ir«^ "ir^y into the sit. in need of .ugMontation, 
^^.t ...«.ti.Uy no a.t.=t.ble i„fla».tion or 
^.I,n how reaction, one «y a«itionally .ncl»d. P« 
ticull BaLrials in the =oll.,«. reeeticn ..«t»re. for 

«„„ple hydrogel or ""'''«'-«^^»"'*!: " „ provide 

hydroxyapetite/triclciu. phosphate 

" bulkier or more rigid i»plant aft«: cros.linXing. 

;:ipo.ition. Of th. inv«.tion (particularly cross- 
lin>„d couagen coaposition.) are also useful for coatxn, 
article, for i.pl».tation or relatively long ^ 
r.sid«,c. within the .»dy. such surface treaa.»t 
^nder. the Object nonimunogenic, and reduces the 
n::n:=rof fLign ^o^y reaction. 
can apply co^ositions of the invention to oathrters, 
Z^^^. bonrprostheses. cartilage replacement, breast 
rjlant. mnipu.^ and other drug deliv^ devxc..^ 
, .rLficial or,»», and the like. 

.cco«.ll-.ed by dipping the object Into the reaction »ix 
Zr. Lie crcasllnxin, is occurring, and 
.dh««* vl«o». coating to dry. On. eay pour or other 
»i« apply th. reaction mirtur. if dipping xs not con 
5 Xlt«n.tlvely. on. eay us. fl«cibX. sheet, or 

ZTanous fon.. of collagen-polyer conlugat. to «r^ 
L Object with, sealing con-r. and ed,.. with r«ction 

"''^t.-anoth^ .^di«nt.th. ob3.ct -ay dipp.ajn 
;0 a viscou. coua,en-ln-«.lution bath, or in a '^"""^ 
lllagen solution until the object is ^f^^" 
S collagen solution is fixed to the,.bj.ct by dipping 
Z =oXu'».-coat.d obj.=t into a dPEG- (pH 7, solution 
bath, and then allowing the collagen-polyi-r coated 
,5 object to dry. iltematlvely, viscous oollMr«.-in- 
eolution is nixsd with a dJK* (PH 3) solT^on »4 
poly».ri2«l rapidly, described ebov.. Th. obj.=t 1. 
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dipped in the acidic collagen-polymer solution, and cu^^ed 
by dipping the coated object into a neutralizing buffer 
containing about 20% by wei^t dPEG* (pH 7), to result in 
a collagen-polyxaer coated object. 
5 Compositions of the invention may be prepared in . a 

form that is dense and rigid enough to substitute for 
. cartilage. These* compositions are useful for repairing 
and supporting tissue which require some degree of struc- 
ttire, for example in reconstruction of the nose, ear,. 
10 knee, larynx, tracheal rings, and joint stirfaces. One 
can also replace tendon, ligament and blood vessel tissue 
using appropriately formed cartilaginoid material. In 
these applications, the material is generally cast or 
molded into shape t in the case of tendons and liga- 
15 ments, it may be preferable to form filaments for weaving 
into cords or ropes. In the case of artificial blood 
vessels it may be advantageous to incorporate a reinforc- 
ing mesh (e.g., nylon or the like). 

Compos itioiis of the invention which contain growth 
20 factors are particularly suited for sustained adminis- 
tration of factors, as in the case of wound healing pro- 
motion. Osteoinductive factors and cof actors (including 
TGP-B) may advantageously be incorporated into compo- 
sitions destined for bone replacement, augmentation, 
25 and/or defect repair. Compositions provided in the form 
of a membrane may be used to wrap or coat transplanted 
organs, to suppress rejection and induce improved tissue 
growth • Similarly, one may dip coat organs for trans- 
plantation using a -crosalinking reaction mixturje*.Df 
30 factor-polymer conjugates and collagen. Alteamativeiy, 
one may administer antiviral and antitumor factors such 
as THP, interferons, CSFs, TGP-B, and the like for their 
pharmaceutical activities. The amount of composition 
used will depend upon the severity of the condition being 
35 treated, the amount of factor incorporated in the 

coi^osition^ the rate of delivery desired, and the like. 
However, these parameters may easily be determined by 
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routine experimentation, for exanple by preparing a model . 
composition following the examples below, and assaying 
the release rate in a suitable animal model. 

5 C. FyaiBPles 

The examples presented below are provided as a fur- 
ther guide to the practitioner of ordinary skill in the 
art, and are not to be construed as limiting the inven- 
tion in any way. 

10 

wimple 1 

(Preparation of Collagen-PEG) 
(A) Monomethyl-PEG 5000 (50 g, 10 mmol, Aldrich 
Chemical Co.) is dissolved in 1 , 2-dichoroethane (250 mL) 

15 and heated at reflux with glutaric anhydride (5 g) and 
pyridine (4 nL) under nitrogen for 3 days. The solution 
is then filtered and the solvent evaporated, and the 
residue dissolved in water (100 mL) and washed with 
diethyl ether (2X 50 mL). The resulting PEG-glutarate is 

20 extracted from the wa-ter with chloroform (2X 50 mL) , and 
the chloroform evaporated to yield about 43 g of PEG- 
glutarate. The PEG-glutarate is then dissolved in di- 
methylformamide (DMF, 200 mL) at 37 'C, and H-hydroxysuc- 
cinimide (10% molar xs) added. The solution is cooled to 

25 O'C, and an equivalent amount of dicyolohexylcarbodi- 

imide added in DMF solution (10 mL) . The mixture is left 
at room temperature for 24 hours, and then filtered. 
Cold benzene (100 mL) is then added, and the PEG-succin- 
imidyl glutarate (PEG-SG) precipitated by adding 

30 petroleum ether (200 mL) at O'C. Mie precipitate is 
collected on a sintered glass filter. Dissolution in 
benzene, followed by precipitation with petroleum ether 
is repeated three times to provide "activated" PEG (PEG- 
SG). 

35 Vitrogen 100* collagen in solution (400 mL, 1.2 g 

collagen, 0.004 mmol) was mixed with 0.2 M phosphate 
buffer (44 mL) to elevate the pH to 7.4. Next, a three- 
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fold molar excess of PEG-SG (6.00 1.2 nmol) was 
dissolved in water for injection (40 nL) and sterile- 
filtered. The PEG-SG solution was then added to the 
collagen solution, and the mixture allowed to stand at 
5 17-22 *C for about 15 hours. The solution was then cen- 
trifuged, and the resulting pellet (25 g) of reconsti- 
tuted fibrils collected and washed with phosphate- 
buffered saline (PBS, 3X 400 mL) to remove residual PEG. 
The resulting material has a solid, coherent elasticity, 
10 and may be picked up on a spatula (the equivalent non- 
conjugated collagen, . Zyderm* collagen is^ylant is more 
fluid) . The resulting material may be diluted with PBS 
to provide a dispersion having 20.5 mg/inl* collagen-PEG. 

(B) Similarly, proceeding as in part (A) above 
15 but substituting polypropylene glycol and POE-POP block 

polymers for polyethylene glycol, the corresponding 
collagen-PPG and collagen-POE-POP compositions are 
prepared. 

(C) Difunctional PEG 3400 (34 g^ 10 mmol, 

20 Aldrich Chemical Co.) is dissolved in l , 2-dichoroethane 
(250 mL) and heated at reflux with glutaric anhydride (10 
g) and pyridine (4 mL) under nitrogen for 3 days. The 
solution is then filtered and the solvent evaporated, and 
the residue dissolved in water (100 mL) and washed with 

25 diethyl ether (2X 50 mL). The resulting PEG-diglutarate 
is extracted from the water with chloroform ( 2X 50 mL) , 
and the chloroform evaporated to yield PEG-diglutarate. 
The PEG-diglutarate is then dissolved in DMF (200 mL) at 
37 'C, and N-hydroxysuccinimide (10% molar xs) added. The 

30 solution is cooled to o'c, and an equivalent amount of 
dicyclohexylcarbodiimide added in DMF solution (10 mL) . 
The mixture is left at room temperature for 24 hours, and 
then filtered. Cold benzene (100 mL) is then added, and 
the PEG-di(succinimidyl glutarate) (dPEG-S6) precipitated 

35 by adding petroleum ether (200 mL) at 0*C. The precipi- 
tate is collected ori a sintered glass filter. Dissolu- 
tion in benzene, followed by precipitation with petrolexjm 
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ether is repeated three times to provide "activated" dPEG 
(dPBG*). 

Vitrogen 100* collagen in solution (400 mL, 1.2 g 
collagen, 0.004 ninol) was mixed with 0.2 M phosphate 
buffer (44 mL) to elevate the pH to 7.4. Next, a three- 
fold molar excess of dPEG* (&.00 g, 1.2 mmol) was dis- 
solved in water for injection (40 mL) and sterile- 
filtered. The dPEG* solution was then added to the 
collagen solution, agitated, and the mixture allowed to 
stand at 17-22 'C for about 15 hours. The solution was 
then centrifuged, and the resulting pellet of reconsti- 
tuted fibrils collected and washed with PBS (3X 400 mL) 
to remove residual dPEG*. The pellet was then placed in 
a syringe fitted with a Luer lock hub connected to a 
second syringe, and was passed between the syringes until 
homogeneous. The resulting • material is a microgel or a 
particulate suspension of random size fibrils in solution 
(microgel conjugate) . The material is a smooth, pliable, 
rubbery mass, with a shiny appearance. 
20 (D) Preparation of Cartilaginoid conjugates: 

Approximately 20% by weight of dPEG* (pH 7) was 
added to collagen in solution (33.8 mg/mL) , and incubated 
at 21 'C for about 16 hours. The resulting conjugate was 
washed with 100 mL PBS 3-5 times over 12 hours. The 
25 resulting cartilaginoid non-f ibrillar collagen-polymer 
conjugate (NFC-FC cartilage) was a translucent solid with 
coherent elasticity. The product contained approximately 
20-80% fibrillar collageh~ 

Another NFC cartilage-. composition was prepared by 
30 mixing dPEG* solution (0.6 g, pH 3) with collagen in 
solution (33.8 mg/mL. pH 2). The mixture was passed 
between two. syringes joined by a Luer lock connector to 
form a homogenous solution. A solution of dPEG* (20% 
w/v) in a neutralizing buffer was then added to result in 
35 a substantially non-f ibrillar collagen (NFC) cartilage 
material. The resulting product contained approximately 
1-40% fibrillar collagen. 
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Alternatively, fibrillar collagen may be used 
instead of CIS to produce a cartilaginoid fibrillar 
collagen-polymer conjugate (FC cartilage) having an 
opaque appearance and high fibrillar content. Such FC 
5 cartilage is more porous and permeable than non-f ibrillar 
collagen-'palymer conjugates. 

Example 2 
(Characterization) 
10 (A) Collagen-mPEG prepared, in Example lA was 

characterized and compared with Zyderm^ collagen implant 
(ZCI)^ and glutaraldehyde-crosslinked fibrillar collagen 
(GAX), 

15 This assay measured the force reqxiired to extrude 

the test composition through a 30 gauge needle. The 
results are shown in Figure 1. As can be seen from the 
graph of force required (in Newtons) versus plunger 
travel, ZCI was extruded smoothly, requiring a force of 

20 about 20*30 Newtons. GAX was not extruded smoothly, as 
shown by the "'spiking" exhibited in the force trace. At 
the plateau, GAX required about 10-15 N for extrusion. 
In contrast, collagen-mPEG demonstrated a very low extru- 
sion force (8-10 N), with little or no spiking. 

25 Tntrusionr 

Intrusion is a measure of the tendency of a com- 
position to '^finger" or channel into a porous bed, rather 
than remaining in a compact mass. Low intrusion is pre- 
ferred in augmentation of soft tissue,^. so that the 

30 injectied is^lant does not diffuse through the dermis and 
remains in place. 

A 1 mL syringe fitted with a 30 gauge needle was 
half-f illed with isilicon carbide particles (60 mesh), 
simulating human dermis. The upper half of the syringe 

35 was filled with* 0.5 mL test composition ' (GAX, ZCI, or 

collagen-mPEG) at 35 mg/mL» The plunger was then fitted, 
and depressed. On depression, ZCI appeared at the 
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needle, demonstrating intrusion through the silicon 
carbide bed. syringes filled with GAX or collagen-mPEG 
of the invention did not pass collagen, instead releas- 
ing only buffer, demonstrating no intrudability . 

5 Hal i city : 

The portion of each composition exhibiting non- 
helical character was measured using sensitivity to 
digestion with trypsin. Samples were treated with the 
protease trypsin, which is capable of attacking only 

10 fragmented portions of the collagen protein. The extent 
of hydrolysis is measured by f luorescanine assay for 
solubilized peptides, and the results are expressed as 
percentage non-helical collagen. The percentage of non- 
helical collagen was measured 30 minutes after the begin- 

15 ning of the digestion period. The results indicated that 
ZCI was 3-10% sensitive, GAX was 1-2% sensitive, and 
collagen-mPEG was about 1% sensitive. Sensitivity to 
trypsin may also correlate to sensitivity to endogenous 
proteases following iiq>lantation. 

20 roll ananagft Sensitivity; 

The sensitivity of each composition to collageriase 
was also measured. ZCI was 65.2% digested, compared to 
2.2% for GAX, and 45.8% for collagen-mPEG. 
PhafP** TT-ansitiont 

25 The behavior of each composition vs. temperature 

was examined using a differential scanning calorimeter, 
on heating, ZCI exhibited multiple peaks at about 45 and 
53 'C. GAX exhibited a peak at 67-70* C. Collagen-mPEG 
exhibited a peak atj56-.61*C. 

30 Lysine Content; 

The number of free lysines per mole was determined 
for each composition using THBS to quantify reactive 
epsilon amino groups. ZCI exhibited about 30 lysines per 
(single helix) molecule (K/m), whereas GAX exhibited 26- 

35 27 K/m, and collagen-mPEG 21-26 K/m. 
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(B) Characterization of Crosslinlced Collagen- 
Polymer Conjugates: 
h collagen-dPEG conjugate prepared as described in 
Example ic was characterized using differential scanning 
5 calorimetry (DSC). This test is a measure of the transi- 
tion temperature during fragmentation of the collagen 
molecule at a microscopic level. A lowering of the 
transition temperature indicates an increase in fragmen- 
tation in a manner similar to that measured by trypsxn 

10 sensitivity. 

The collagen-dPEG conjugate showed a single 
denaturational transition at se'c by DSC, which is sim- 
ilar to the typical melting point of the Collagen-PEG 
conjugate prepared in Bcample lA. In comparison, ZCI has 
15 a melting temperature of AS-SS'C.with multiple denatur- 
ational transitions, and GMt has a melting temperature of 
67-70 'C with a single denaturational transition. 

The extrusion test described in Example 2h could 
not be used to characterize the collagen-dPBG conjugate 
20 because the material was not extrudable through a 30 

gauge needle. 

using the intrusion test described in Example 2A, 
the passage of collagen-dPEG was completely blocked at 
, the silicon carbide bed, which indicates high crosslink- 
25 ing between the collagen molecules and little or no 
Intrudability. 

... .. (iniaunogenicity) 
30 (A) mn— '"•'^"^'"^ PWG-conaqens 

This experiment was conducted to demonstrate the 
relative immunogenicity of a collagen-mPEG preparation of 
the invention versus a commercially-available bovine 
collagen formulation prepared from essentially the same 
35 source material, and having a similar consistency. As 
both collagen preparations were prepared using atelo- 
peptide collagen (which is only weakly immunogenic) , the 
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10 



*««.«iated With either complete 
p„pa«tic.» were «»f '^J^npl.t. Freund'. .diuv„t 

(IPX), to ™ „„ibl« mmmt reaction. 

„.t, design- to »,ni£y »y PO..lbl^ i ^ 

by heart puncture for pre two O.liBL intra- 

1. plve animals were treated with rwo «. 
atxon. rive «ima ^^^^^^ ^^^^^^ ^^ci) 

muscular j',^'^'^,^ left and right thighs, 

emulsified m CFA (1.9) fashion, 

;^other five animal. ^"^,'^^,,3^ i„ cFA. One 

using collagen-PBG (35 mg/mL) ^4 
3nimal was treated with ^^^^^^ Z^;,:,. bled .y 
following immunization, all *"^'«^%"""^„Jj«dy titer 
, beart puncture, and -tain^^^^^^^^^ ant^^ 

determination (using ELISA). Seroi gy 
formed at day 30. ^4«« of serum samples, 

..ch »l»al was =*^l"»"<',^'^tn lech f • 
0 „d coU.^-fK (0.1 ° •'°^"lt%u«.t«ied ae a 
O.Xay.d-t«- "VP*'"""^'**^ Tas eval^ted at 

<a <i«,4 72 ho\irs post-chaixenge 
24, 48, ana vz nouto _^4.«-. tsftiipers, and 

15 noting the extent of injection sites 

were then euthanized with ^O,, an^ 
excised and fixed in neutral, buffered form 

histological study. ..,^^^^6 reduced iBiauno- 

Serological results ^"<»^^^^^^^^ 30% of ZCI 

30 g««icity of -^^'^'^^'JZZ' '^sl^^^e^' antibody responses 
immunized animals exhibited P°"^^^ collagen-PEG 
rtiter > 160 at day 14), whereas 0% of the coa « 
(titer i lo" «ofi±tive responses. At day 

shown in Table 1. 
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Table i: lassfflsssnis^^^ 



10 



15 




20 



25 



30 



35 



40 



Responses to the ME challenge also deBonstrated 
««t t^r^riagen-i-PEG of the invention is less xio^uno- 
that the coiX^gm .r«nunLz^d «ith ZCI and Challenged 
genie. Guinea pigs xrnaunized «i , ,,0 + o 058 cm in 
Lth 2CX exhibited a wheal --^7^^^;"^^^^ c^al- 
^eter. ^i-ls '^^^^^^^^^'^^^ Tasuring 
T^:^:^^::^^^ with and ohal- 
wi^ collagen.-PEd, or i^ized with collagen- 
end Challenged with ZCI, developed wheals s.aUer 
the ZCI-iwwmized zci-challenged wheals. Responses 
r^el a:\s and hours were essentiaUy ..e^^ 
lower than the 24 hour response for each s.te. Erythe«a 

was essentially the same for all «^«rials 
Histological studies showed that both naterxals 
exhibiterco^^arable intrusion, fingering into the dc^s 
^ subcutaneous space. .sites..of .intradermal challenge 
"cx in ZCI-i^nixed aniBals exhibited the ^st 
Ixtensive inflammatory response, including a ^^^^^^ 
Snlte Of xymphohi^iocytic elements with eosxn^P^xls 
«„l.occasional giant cells, two of the implant sites 
:lnstrated an erosive inflammation of the ov^y^ 
epidermis and eschar formation. ^Ues of intrader^ 
Challenge with collagen-i-PES in zci-i^.ed a«m^ 
e^itld only a moderaf associated inflammatory xnf il- 
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« marked reduction in acute cells and 

challenge sites ac P eosinophils and 

f-vtic oerivascular infiltrate witn « ^ ^..^^e. 

cslls neat the associsted vasculature. 

H„ l ,nfl fl— ^o""; 

~ „ir« Th. «a«.l~ ii«.lant.a in the aorsal 
Btample ID. to* aaw inplanta- 
™„cuti. «». a. cr»a.l onlaya in hk- 

-4.™=ture Mild colonization by connective tissue cex 
structure, va.^^ ^ wpc-pc cartilage san- 

occurred at the periphery of the HFC FC cart g 

^ fiteou. atructur. with iiild but fr«J.antly daaP 
TJ^ation co^-ctiv. tissue ""^^^^ 
^ Of aaipocytee. "ace a^t= 
!5 present in lii^ted araas of th. PC cartilag F 

cartilage materials tended to rataxn th.« 1^ 

„ ^'^*^°:^rirdr««.ui 
T^'Z r^trtJ^:^ « ::cranchor. to t. 

^vi. intagration o, the capsul. or surroundxn, loo- 
connective tissue with the periosteum. 

ill of the sanplas .ppe«r«l to b. blcco-patibl., 

" have d^ifering -egr... of coloni»tio« by host tx.-»., 
»«1 varying Beehanlcl characteristics. 
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(In SiSsi crosslinlcing) 
A dPEG solution was prepared as described in 
5 Example IC alx>ve. The following samples were then 
prepared: 

(1) 5 mg dPEG in 80 |iL water, mixed with 0.5 mL 

fibrillar collagen (35 mg/mL), to a final 
dPEG concentration of 1% by volume; 
10 (2) 15 mg dPEG in 80 pkh water, mixed with 0.5 

Mi: fibrillar collagen (35 mg/mL) , to a 
final dPEG concentration of 3% by volume; 
(3> Vltrogen* 100 collagen in solution; 

(4) 5 ng dPEG in 80 ftL water, mixed with 0.5 mL 
15 non-fibrillar collagen (35 mg/mL), to a 

final dPEG concentration of 1% by volume; 

(5) 15 mg dPEG in 80 ML water, mixed with 0.5 
mL non-fibrillar collagen (35 mg/mL), to a 
final dPEG concentration of 3% by volume; 

20 (6) 5 mg dPEG in 0.5 ml PBS, to a final dPEG. 

concentration of 1% by volume; and 
(7) GAX. 
The dPEG solutions of Samples 1, 2, 4, and 5 were 
placed in a 1 mL syringe equipped with a Luer lock f it- 
25 ting and connector, and joined to another syringe con- 
taining the collagen material. The solutions were mixed 
by passing the liquids back and forth between the 
syringes several times to form the homogeneous reaction 
mixture . . 

30 The syringe connector was then removed and replaced 

with a 27 gauge needle, and approximately 50 ML of the 
reaction mixture was injected intradermally into each of 
20 guinea pigs. Sauries 3, 6, and 7 were similarly 
administered through a 27 gauge' needle. At interval's' up 

35 to 30 days following injection, i:he treatment sites were 
harvested and studied histologically. 
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By 30 days, all of the loaterials appeared to be 
biocompatible. Samples 1 and 2 displayed wide dispersion 
with an intermediate degree of interdigitation with 
dermal collagen fibers. Colonization by connective 
5 tissue cells was moderate, and a trace of round cell 
infiltrate with eosinophils was seen. 

samples 3, 4 and 5 were highly dispersed and finely 
interdigitated with dermal collagen fibers. Coloniza- 
■ tion was mild to moderate, and trace levels of round cell 
10 infiltration were seen. 

Saa^le 6 had no detectable effects. Sample 7 
occurred as large islands with moderate colonization and 
trace to mild levels of inflammation. 

(Coating of Implants) 
A collagen-dPBG reaction mixture was prepared as 
described in Example IC above. A titanium implant was 
dipped into the reaction mixture approximately 20 min- 
20 utes after crosslinking was initiated. The implant was 
then allowed to finish erossllnlcing, and dry overnight. 

Rvamnle 6 

(Collagen-Polymer-Growth Factor Conjugates) 
25 (A) A conjugate containing crosslinked 

collagen-dPEG-TGF-Bl was prepared as follows: 

A solution of TGF-Bl and ^^^I-TGF-Bl (10^ cpm? 25 
tiL of 1 mg/mL) was added to a solution of dPEG* (4 mg) in 
CKjClj (100 nL) , and the mixture allowed to react for 12 
30 (sample #3) or 35 (sample #5) minutes at 17*C. To this 
tfas added 2.5 mL of collagen solution (3 mg/mL atelo- 
peptide nonfibrillar collagen), and the resulting mixture 
allowed to incubate overnight at ambient temperature. 
The pellet irtiich formed was collected by centrif ugation 
35 to provide collagen-dPEG-TGF-Bl. 

(B). A composition based on fibrillar atelopep- 
tide collagen was prepared as in part A above, but limit- 
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i„g TGF-Bl/clPEG* reaction time to 2 minutes, and substi- 
tuning 7 mg of fibrillar collagen (precipitated from 
collagen in solution within 2 minutes prior to use) for 

eollacren in soiutlon. ,i , ^ 

- CO A composition containing dPEG-crosslin3ced 

' collagen and free TGF-Bl was prepared as follows: 

\ solution of dPEG* (A mg) in CH,C1, (100 mD , was 
added to 2.5 1^ of CIS (3 mg/ml. atelopeptide nonfxb-^ 
riUar collagen), and the resulting mixture allowed to 
0 incubate overnight at ambient temperature. The pellet 
:^ch formed was washed to remove unreacted 
^of TGF-61 mixed in to provide collagen-dPEG + TGF-Bl. 
(D) The degr«» of TGF-ei binding was deter- 
mined as follows: 

Each composition prepared in parts A-c above was 
washed six times with O.S ml. of buffer (0.02 H phosphate 
buffer, 0.1% BSA). by vigorous vortexing followed by cen- 
trifugation in order to remove non-bound TGF-Bl. The 
pellet and supematants were collected at «achj:^«e of 
20 washing, and were counted. Figure 2 demonstrates^e 
release rate of the compositions of part A (open cir- 
cles) and part B (fiHsd circles) versus the sxmple mix- 
ture i«:epared in part C (x's). showing the number of 
counts released as a function wash cycle. As shown xn 
25 the figure, the TGF-Bl in the simple mixture is guantx- 
^tiverrlleased within about 6 washings, While approx- 
imately 40* of the TGF-Bl is retained in the 
tions of part B and 50% is retained in the compositions 

of part A. . ^ • 

30 . (E) -nie biological activity of the materxals 

prepared above was assayed as follows: 

Compositions prepared, according to part A (CIS- 
dPEG-TGF-Bl) (TGF-Bl/dPEG* reaction time of 12 ^^^^^^ 
and part C XCIS-dPEG + TGF-Bl) were prepared, as well as 
35 a control prepared according to part C without T6F-B1 
(CIS-dPBG). The samples were washed in PBS/BSA exght 
times as described in part D, then washed an additional 
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three times in fetal bovine seruio (Gibco) at 37 'C. This 
washing protocol resulted in visually detectable material 
loss, so renaining TGP-Bl content was determined by 
counting the remaining ^"l. TGF-Bl activity was then 
assayed by ELISA. The results are shown in Table 2 
below. 

Table 2: Retention Rinloalrnl Activity 



10 



15 



20 



^^^I remaining O.D. 



Sample Counts TGF-Bl (Mg) (^l^ nm) 



CIS-dPEG 0 0 0.015 

0.015 

CIS-dPEG + TGF-Bl 2775 0.5-1.0 0.029 

0.035 

CIS-dPEG-TGF-Bl 42604 7.4 9*"$ 

0.082 



The data demonstrates that the TGF-61 retained in 
25 the compositions of the invention remains in a substan- 
tially active form. 

flxawp^e 7 
(Formulations) 

30 (A) A formulation suitable for implantation by 

injection was prepared by suspending collagen-PEG in 
sterile water for injection, at 35 mg/mL. The charac- 
teristics of the. resulting formulation are described in 

Example 2 aixive. 

35 (B) A formulation useful for repair of s.:3ress- 

bearing bone defects (e.g., fractures, nonunions, and the 
like) may be prepared by mixing collagen-PEG. of the 
invention with a suitable particulate, insoluble com- 
ponent. The insoluble component may be fibrillar cross- 

40 linked collagen, gelatin beads, polytetrafluoroethylene 
beads, silicone rubber beads, hydrogel beads, silicon 
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carbide beads, mineral beads, or glajss beads, and is 
preferably a calcium mineral, for example hydroxyapatite 
and/or teicalcium phosphate. 

Solid formulations were prepared by mixing Zyderm* 
5 II (65 mg/mt collagen) or collagen-mPEG (63 mg/mL) with 
particulate hydroxyapatite and tricalcium phosphate 
(HA+TCP) and air drying to form a solid block containing 
65% HA by weight. Optionally, blocks were heat-treated 
by heating at for 10 hours. The resulting blocks 

10 were hydrated in 0.13 M saline for 12 hours prior to 
testing «^ 

On standing, it was observed that Zyderm«-HA+TCP 
(Z-HA) compositions separated into three phases, whereas 
PEG-colIagen-HA+TCP (PC-HA) compositions remained single 
15 phase. 

Each block was elongated by 5%, and its stress 
relaxation monitored for 1 minute after release. After 
this test, each block was subjected to constant elonga- 
tion at a constant 1 cm/min until failure. The results 
20 are shown in Tad^le 3: 



Table 3: Mechanical strength 



30 



Sample 


Stress Relaxation 






Peak 
Force 


Constant 
Force 


(niil) 


Rupture 
Force 


Extension 
at Rupture 


Z-BK 


1.5 


1.1 


0.04 


2.6 


11.0% 


(air) 








2.6 


15.3% 


Z-HA 


1.5 


1.1 


0.06 






(heat) 


1^4 - 


..tl...O. . 


.0.07. . . 


3. .4 


.14.0% 


PC-H& 


2.6 


1.8 


0.06 


5.5 


12.3% 


(air) 


2.8 


2.1 


0.08 


5.4 


11.7% 


PC-H&' 


■3.3 


2.6 


0.04 


5.4 


12.0% 


(heat) 


3-6 


2^7 


0.06 


5.4 


20.3% 



40 All forces reported in newtons* Extension at rupture 
(strain) reported in. percent extension. 
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The data demonstrate that collagen-polymer forms 
HA+TCP compositions exhibiting substantially greater 
tensile strength. Thus, one can prepare implant com- 
positions with collagen-polymer which are substantially 
5 stronger than compositions employing the sane amount of 
non-conjugated collagen, or may reduce the amount of 
collagen-polymer employed to form a composition of equal 
strength. 



WO90/057S5 



PCrAJS89/053Sl 



5 



38 

WHAT IS CIAIMEP: 

1. A conposition coiaprising collagen 
chemically con jugated to a synthetic hydrophilic polymer. 

2. The composition of claim 1 herein said 
collagen is type type II or type III. 

3 . The composition of claim 1 irtxerein said 

10 polymer is polyethylene glycol having a molecular weight 
of about 4Q0 to about 20,000. 

4 . The cos^sition of claim 1 wherein said 
synthetic hydrophilic polymer is bound to an available 

15 lysine residue on said collagen. 

5. The composition of claim 4 wherein said 
polymer has a first end and a second end, said first end 
being bound to said lysine residue, and said second end 

2Q being nonbound« 

6. The composition of claim 5 wherein said 
synthetic hydrophilic polymer molecules are bound to 20* 
30% of said available lysine residues. 

25 

7. The composition of claim 1 wherein the 
ratio of collagen molecules to polymer molecules is about 
1:1 to about 1:20. 

30 8. The composition of claim 1, wherein said 

synthetic hydrophilic polymer has a first end and a 
second end; said f irst end being bound to a collage 
molecule, and said second end being bound to a growth 
factor. 



35 



9^ A composition suitable for augmentation of 

soft tissue, which comprises: 
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the composition of claim 1, in combination with 

a sufficient amount of a fluid pharmaceutical ly 
acceptable carrier. 

5 10. The composition of claim 9 wherein said 

collagen is atelopeptide fibrillar collagen. 

11. The composition of claim 9 wherein said 
polymer is monomethyl-polyethylene glycol having a 

10 molecular weight of about 1,900 to about 8,000. 

12. The composition of claim 9 wherein said 
polymer has a first end and a second end, wherein said 
first and second ends are bound to collagen to form a 

15 crosslinked collagen-polymer conjugate, said composition 
having the form of a suspension of collagen-polymer 
conjugate particles in a pharmaceutically acceptable 
carrier.. 

20 13. The composition of claim 9 or 12 which 

further comprises a tissue growth-promoting amount of a 
growth factor selected from the group consisting of 
epidermal growth factor, transforming growth factor-6, oi 
a hematopoietic factor. 

25 

14. The composition of claim 4 or 20 wherein 
said factor is chemically bound to said collagen by a 
covalent bond between said factor and the first end of 
said polymer, and a covalent bond between the second end 

30 of said polymer and said collagen. 

15. A composition suitable for augmentation of 
soft tissue, which comprises: 

collagen; 

35 a synthetic hydrophilic polymer having a first and 

second end, wherein said first and second ends comprise 
reactive groups capable of forming a covalent bond in 
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situ with an available lysine side chain present in 
collagen; and 

a fluid {diarniaceutically acceptable carrier in an 
amount sufficient to form an injectable composition. 

5 

16. The composition of claim 15 wherein said 
polymer comprises polyethylene glycol having an average 
molecular veight of about 400 to about 20, 000 » 

10 17* The coBiposition of claim 15 wherein said 

reactive groups comprise N-hydroxysuccinimide esters • 

18. The composition of claim 15 wherein said 
composition comprises about 10 to about 100 mg/mL 

15 collagen and about 0.1 to about 30% synthetic hydro- 
philic polymer having reactive groups .r 

19. The composition of claim 18 v^rein said 
composition comprises about 30 to about 80 mg/mL collagen 

20 and about 0.3 to about 10% synthetic hydrophilic polymer 
having reactive groups. 

20. The composition of claim 15 wherein said 
collagen comprises fibrillar atelopeptide collagen. 

25 

21 » The composition of claim 15 wherein said 
collagen coinprises nonfibrillar collagen. 

22. A composition suitable for repair of bone 

30 defects, which comprises: 

the composition of claims 1, 8, 12 or 15, in 
combination with 

a suitable particulate material; and 

a sufficient amount of a fluid pharmaceutically 
35 acceptable carrier. 
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23. The composition of claim 22, wherein said 
particulate material is provided in sufficient amount to 
provide a rigid composition. 

5 24. The composition of claim 22 or 23 wherein 

said collagen is reconstituted atelopeptide fibrillar 
collagen. 

25. The composition of claim 22 or 23 wherein 
10 said polymer is monomethyl-polyethylene glycol having a 

molecular weight of about 5,000. 

26. The composition of claims 1, 22, or 25 
wherein said polymer is chemically conjugated to 10-50% 

15 of the available lysine residues on said collagen. 

27. The composition of claim 22 or 23 wherein . 
said suitable partiemlate material comprises fibrillar 
crosslinked collagen, gelatin beads, polytetraf luoro- 
ethylene beads, silicone rubber beads, hydrogel beads, 
silicon carbide beads, glass beads, hydroxyapatite 
particles, tricalcium phosphate particles, or mixtures of 
hydroxyapatite and tricalcium phosphate particles. 

28. The composition of claim 22 or 23 wherein 
said particulate material comprises hydroxyapatite 
particles, tricalcium phosphate particles, or mixtures of 
hydroxyapatite and tricalcium phosphate particles having 
an average diameter of about 1 to 20 microns in diameter. 



20 



25 



30 



29. The coinxjsition of claims 8, 22 or 23 which 
further comprises an effective amount of epidermal growth 
factor, transforming growth factor-a, transforming growth 
factor-B, transforming growth factor-Bl, transforming 
35 growth factor-B2 , platelet-derived growth factor-AA, 
platelet-derived growth factor-AB, platelet-derived 
growth factor-BB, acidic fibroblast growth factor, basic 
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fdUaroblast growth factor, insulin-like growth factors, 
interleukinsr colony stinulating factors, erythropoietin, 
nerve growth factor, interferons, and osteogenic factors. 

5 20. A conposition for replacing or augmenting 

cartilage, which composition comprises: 

collagen crosslinkied with a hydrophilic synthetic 
polymer^ said composition having a density of about 0.5 
to about 1.5 q/CB?. 

10 

31. An implant exhibiting reduced immuno- 
genicity and tissue irritation, cosiprising: 

a solid implant, coated with a composition 
comprising collagen crosslinked with a synthetic 
15 hydrophilic polymer. 

32. A method for preparing a collagen-polymer 
conjugate suitable for administration to mammals, which 
method comprises: 

providing an aqueous mixture of collagen molecules; 
adding a solution of an activated poljrner to form a 
reaction mixture, wherein said activated polymer 
comprises a hydrophilic polymer having a reactive group 
capable of forming a covalent bond with an available 
lysine side Chain present in; said collagen molecxaes; 
and 

causing said polymer to form covalent bonds to said 
collagen molecules, forming a collagen-polymer conjugate. 

30 33. The method of claim 32 wherein said 

activated polymer comprises two reactive groups, and said 
covalent bond formation crosslizdcs said collagen 
molecules. 

35 34. Wie method of claim 32 wherein said 

hydrophilic polymer comprises polyethylene glycol having 
a moleciilar weight of about 400 to about 20,000. 



wo 90/05755 



PCrA)S89/053Sl 



43 

35. The aethod of claim 34 wherein said 
reaction mixture contains activated polymer in an amount 
of about 0.1 to about 30% by weight. 

5 

36. The method of claim 32 which further 
comprises : 

casting said reaction mixture into a predetermined 
shape during said crosslihking* 

10 

27. The method of claim 32 wherein said shape 
is a membrane or a tube. 

38. The method of claim 32 which further 
15 comprises: 

applying said reaction mixture to a solid support 
during said crossl inking. 

39. The method of claim 38 wherein said solid 
20 support comprises a catheter. 

40. The method of claim 38 wherein said solid 
support comprises a stress-^bearing bone implant. 

25 41. The method of claim 32 wherein said 

reaction mixtxire is vigorously agitated during said 
crosslinking, providing said collagen-polymer conjugate 
in the form of a particulate. 

30 42. The method of claim 32 wherein said 

activated polymer solution further comprises an effective 
amount of a growth factor, wherein said solution is 
prepared by: 

' providing a solution of an activated polymer 
35 comprising two reactive groups; 

adding said solution to a growth factor solution 
containing an effective amount of a growth factor? and 
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caiising said polymer to form ^ovalent bonds to said 
growth factor molecules, forming an activated 
polymer/growth factor conjugate solution. 



5 
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